Several case-control studies have investigated whether Y chromosome haplogroups or deletions are associated with spermatogenic failure. However, the relationships between Y chromosome haplogroups or deletions and semen quality in general population have not been elucidated. In this study, we assessed relationships between Y chromosome haplogroups or deletions and semen parameters in 791 fertile Japanese men and 1221 young men from the general Japanese population. We found that the haplogroup D2 (M55 lineage) was significantly associated with lower semen parameters, especially total motile sperm count (P ¼ 0.00051, beta ¼ À0.097), in men from the general population but not in fertile men. In addition, we found that the gr/gr subdeletion was associated with semen quality and in particular, strongly associated with decreased sperm motility (P ¼ 0.00041, beta ¼ À3.14) and total motile sperm count (P ¼ 0.00031, beta ¼À0.099) in men from the general population but not in fertile men. The combined analysis of fertile Japanese men and men from the general Japanese population showed that the haplogroup D2 (M55 lineage) and the gr/gr subdeletion were strongly associated with reduced sperm motility (P ¼ 0.00056, beta ¼À2.71, and P ¼ 7.7 3 10 À5 , beta ¼À3.05, respectively) and that haplogroup O2b1 was strongly associated with elevated sperm motility (P ¼ 0.00089, beta ¼ 2.94). These observations add further support for the view that the gr/gr subdeletion diminishes sperm motility that consequently may result in male infertility.
INTRODUCTION
Infertility in humans affects approximately 10% of couples, and 40%-50% of these problems are due to male factors [1] [2] [3] . The main cause of male infertility is spermatogenic failure involving azoospermia, oligozoospermia, or asthenozoospermia. Therefore, the clinical assessment of male fertility potential is based on various parameters of semen analysis, such as sperm concentration, total sperm count, and sperm motility. A meta-analysis by Carlsen et al. [4] suggested that there has been a general decline in sperm concentration and total sperm count over a period of 50 years. In addition, a recent cross-sectional study of men from Danish and Japanese populations showed that the semen analysis results for young men from the general population were lower than for those men identified as being fertile [5] [6] [7] . However, the reason for this is unclear. Therefore, the relationship between genetic background and semen quality needs to be clarified.
The Y chromosome plays a fundamental role in the control of spermatogenesis. Many studies have indicated that deletion of the three azoospermia factor (AZF) regions (termed AZFa, b, and c) of the long arm of the Y chromosome (Yq) causes infertility [8] [9] [10] [11] . However, deletions of these regions are detected in less than 15% of men with nonobstructive azoospermia or severe oligozoospermia [12] . In addition, three smaller subdeletions of the AZFc region, namely, gr/gr, b1/b3, and b2/b3, have been identified [13] [14] [15] , and the gr/gr subdeletion has been reported to be a male infertility risk factor [13] . The b1/b3 and b2/b3 subdeletions are also associated with male infertility [16] [17] [18] [19] . However, several studies could not link these subdeletions to male infertility [15, [20] [21] [22] .
The Y Chromosome Consortium has established a nomenclature system for defining Y chromosome haplogroups that classifies haplogroups from A to T and further subdivides them 1 Supported by the Ministry of Health and Welfare of Japan (1013201) and the European Union (BMH4-CT96-0314). 2 Correspondence: Youichi Sato, Department of Pharmaceutical Information Science, Institute of Health Biosciences, The University of Tokushima Graduate School, 1-78-1 Sho-machi, Tokushima City, 770-8505 Japan. E-mail: youichi.sato@tokushima-u.ac.jp 3 Deceased. according to the presence or absence of various biallelic markers [23] . Recently, we revealed that the frequency of the Y chromosome haplogroup D2* among azoospermia patients was significantly higher than among fertile men [24] .
Thus far, many studies on the association between Y chromosome haplogroup or Yq deletion and spermatogenesis were designed as case-control studies. However, the association between Y chromosome haplogroup or Yq deletion and semen quality are not clear in the Japanese population. We hypothesized that Y chromosome haplogroup and Yq deletion may affect sperm quality in both the fertile and the general populations. In this study, we assessed the association between Y chromosome haplogroup or Yq deletion and semen parameters in both fertile Japanese men and young men from the general Japanese population, including data from previous reports [6, 7] .
MATERIALS AND METHODS

Subjects
The subjects of this study included two Japanese cohorts, namely, 791 fertile Japanese men and 1221 young men from the general Japanese population. Some of the subjects in this study had been described in previous reports [6, 7] . Briefly, fertile men were recruited from the partners of pregnant women who attended obstetric clinics in four cities in Japan (Sapporo, Kanazawa, Osaka, and Fukuoka) [6] . The eligibility criteria for the male participants were as follows: the participants had to have been aged 20-45 yr at the time of invitation by the hospital at which they were recruited, and both the man and his mother had to have been born in and living in Japan. In addition, the pregnancy of the female partner had to have been the result of conception by sexual intercourse and not by fertility treatment. Young men from the general Japanese population were recruited from university students in three study centers based in departments of urology at university hospitals in Japan (Kawasaki, Kanazawa, and Nagasaki), as previously reported [7] . In addition, we recruited participants from university students at a study center in Sapporo. Inclusion criteria were that the man was 18-to 24-yr old and that both he and his mother had been born in Japan. This study was approved by the ethics committees of the University of Tokushima and St. Marianna Medical University. All the participants provided written informed consent.
Y Chromosome Haplogrouping and Deletion Analysis
Genomic DNA was extracted from peripheral blood samples with the QIAamp DNA Blood kit (Qiagen, Hilden, Germany). Twenty-four biallelic Ychromosome markers were typed according to PCR product size (YAP and MSY2.2) [25, 26] ; the presence or absence of particular PCR products (12f2b) [27] or PCR-restriction fragment length polymorphisms (M174, LLY22g, M119, SRY465, 47z, M324, and JST002611) [28, 29] ; or the use of denaturing high-performance liquid chromatography (RPS4Y, M213, M9, M95, M122, and M134) [29] , direct sequencing methods (M15, M175, and P31) [29, 30] , or allele-specific primer PCR (M55, M8, M217, M214, and JST021354) [31] . The primer sets, PCR amplification conditions, and restriction enzymes used are shown in Supplemental Table S1 (all the supplemental data are available online at www.biolreprod.org). Y haplogroups were defined according to the nomenclature of the Y Chromosome Consortium [23] .
Deletions in the AZF regions on the Y chromosome were analyzed by multiplex PCR as described previously [32, 33] . Briefly, to test the microdeletions of AZFa, b, and c, eight sequence-tagged sites (STSs) markers, namely, sY14 (SRY), ZFX/ZFY, sY84 (AZFa), sY86 (AZFa), sY127 (AZFb), sY134 (AZFb), sY254 (AZFc), and sY255 (AZFc), were analyzed according to European Academy of Andrology (EAA) and the European Molecular Genetics Quality Network (EMQN) best practice guidelines [32] . If a deletion was detected, additional STSs markers (sY741, sY2315, sY105, sY121, sY1224, sY143, sY1192, sY153, sY160) were tested according to the guidelines [34] . The AZFc subdeletions (gr/gr, b1/b3, or b2/b3) were tested by multiplex PCR at five STS markers, namely, sY1201, sY1291, sY1206, sY1191, and sY1161, and deletion types were determined as according to previous reports [33] . The primer sets and PCR amplification conditions used were as described in GenBank [13] .
Physical Examination and Semen Analysis
Age, body weight, height, and ejaculation abstinence period were selfreported. Body mass index (BMI) was calculated from body weight and height. Semen samples were obtained and analyzed as previously described [6, 7] . Briefly, semen samples were obtained once by masturbation after sexual abstinence for at least 48 h and were ejaculated into clean, wide-necked, sterile, nontoxic collection containers. The samples were protected from extremes of temperature and were then liquefied at 378C prior to their examination. Semen volume was measured with a graduated 5-ml syringe (Terumo, Tokyo, Japan). The sperm concentration of each sample was assessed using a Bürker-Türk hemocytometer. Sperm motility was assessed on 10 ll of well-mixed semen placed on a clean glass slide, covered, and then examined at a total magnification of 4003 at 378C. The motility assessment was repeated twice, and the average value from two samples was calculated. The sperm were classified as World Health Organization motility classes A, B, or C, or immotile class D. Motility was assessed as A plus B in this study.
Statistical Analysis
Student unpaired t-test was used to statistically analyze the differences for basic characteristics between fertile men and men from the general population. The frequencies of each haplogroup were compared between fertile men and men from the general population using an exact test in Arlequin version 3.5 [35] . The frequencies of each haplogroup or deletion type were compared between the two cohorts using Fisher exact test. The sperm concentration, total sperm count, and total motile sperm count analyses were processed using common logarithm-transformed values. Pearson correlation was used to examine the correlations between age, BMI, ejaculation abstinence, and semen parameters. The associations between semen parameters and haplogroups were assessed using multiple linear regression with adjustments for age, BMI, and ejaculation abstinence. Sperm motility and total motile sperm count were additionally adjusted for time from masturbation to test. The results from the two cohorts were combined in a meta-analysis using the meta package for the R version 3.0.1 statistical environment. Chi-square-based I 2 test was used to check the heterogeneity among the studies. If there was no heterogeneity based on I 2 value less than 50% or P-value more than 0.1, a fixed-effects model using the inverse variance method was employed. Otherwise, the random-effects model using DerSimonian and Laird method was employed. All the statistical analyses except the meta-analysis were performed using SPSS version 20.0 (SPSS, Inc., Chicago, IL), and statistical significance was indicated by P values of , 0.05.
RESULTS
Semen Characteristics of the Two Cohorts
The characteristics of semen from fertile Japanese men and from young men from the general Japanese population are presented in Supplemental Table S2 . As previously reported [7] , except in the case of sperm motility, semen parameters for men from the general population were significantly lower than those for fertile men. Pair-wise correlations between age, BMI, ejaculation abstinence, and semen parameters in fertile men and young men from the general Japanese population are shown in Supplemental Tables S3 and S4, respectively. In fertile men, age was slightly correlated with negative semen volume (P , 0.05) and positive sperm concentration (P , 0.05), and ejaculation abstinence was correlated with positive sperm concentration (P , 0.01), total sperm count (P , 0.01) total motile sperm count (P , 0.05), and negative sperm motility (P , 0.05) (Supplemental Table S3 ). In young men from the general population, age was correlated with positive semen volume (P , 0.001) and negative sperm concentration (P , 0.05), and ejaculation abstinence was strongly correlated with positive semen volume (P , 0.001), sperm concentration (P , 0.001), total sperm motility (P , 0.001) total motile sperm count (P , 0.001), and negative sperm motility (P , 0.001) (Supplemental Table S4 ).
SATO ET AL.
Frequency Distribution of Y Chromosome Haplogroups in Fertile Men and Young Men from the General Population
Twenty-four biallelic Y-chromosome markers from a total of 2012 men were typed, and their haplogroups were defined (Supplemental Table S5 ). The haplogroup O2b1 is the most dominant, and D2a1, D2*, and O2b* also display high frequencies in both cohorts. To identify differences in haplogroup frequency among the two cohorts, we carried out an exact test for population differentiation; however, no significant difference was detected between the two groups (P ¼ 0.20). When we compared the frequency of each haplogroup between the two cohorts using the Fisher exact test, we found that the frequency of haplogroup O1a was significantly higher in the fertile men than in the young men from the general population (P , 0.05). However, none of the other haplogroups displayed significant differences in frequency between fertile men and men from the general population.
Frequency Distribution of Yq Deletions in Fertile Japanese Men and Young Men from the General Japanese Population
The prevalence of gr/gr, b2/b3, and b1/b3 subdeletions and other deletions was determined (Supplemental Table S5 ). Of 791 fertile Japanese men, 297 (37.5%) had deletions in Yq; of these, 274 (34.6%) had a gr/gr subdeletion, 18 (2.3%) had a b2/ b3 subdeletion, 4 (0.5%) had a b1/b3 subdeletion, and 1 (0.1%) had other deletion (AZFc [sY254 and sY255] with sY160, sY1161, and sY1191). Of 1221 young men from the general Japanese population, 456 (37.3%) had deletions in Yq; of these, 425 (34.8%) had a gr/gr subdeletion, 25 (2.0%) had a b2/ b3 subdeletion, 3 (0.2%) had a b1/b3 subdeletion, and 3 (0.2%) had some other deletion (1 AZFb [sY127 and sY134] deletion, 2 sY254, sY1161, sY1191, sY1201, sY1206, and sY1291 deletions). There were no significant differences in the frequencies of each deletion type between the two cohorts by the Fisher exact test.
The prevalence of gr/gr, b2/b3, b1/b3, and other deletions in the Y chromosome haplogroup are summarized in Supplemental Table S5 . The gr/gr subdeletion was detected in 100% of haplogroups D2* and D2a1 and at comparatively high frequencies in haplogroups K* (19.4%), C3 (11.3%), and C1 (6.5%); however, it was not detected in haplogroups D1, F*, N1, and O3. The b2/b3 subdeletion was detected in 100% of haplogroup N1 and at a high frequency in haplogroup K* (19.4%); however, it is present at low frequencies in C1 (4.3%), C3 (2.4%), O3a3* (1.3%), and O3a3c (1.0%). The b1/ b3 subdeletion was detected at low frequencies in haplogroups C3 (1.6%), O2b* (0.5%), O2b1 (0.5%), O3a3* (1.3%), and O3a3c (0.5%). Other deletions were detected in haplogroups C3 (0.8%), D2* (0.7%), and O3a4 (1.0%). Three sY84 deletion were only detected in haplogroup O1a. However, this deletion was a false deletion due to the presence of the single-nucleotide polymorphism (rs72609647) in the sY84-reverse primer in the fifth amplification failure [36] . No deletions were detected in haplogroups D1, F*, and O3*. Except for the gr/gr subdeletion in O3a3c, there were no significant differences in the frequencies of deletion types by Y chromosome haplogroup between fertile men and young men from the general population, by the Fisher exact test (P , 0.05).
Association Analysis of Y Chromosome Haplogroup and Semen Quality in Fertile Japanese Men and Young Men from the General Japanese Population
To investigate the associations between semen parameters and Y chromosome haplogroup, we carried out multiple linear regression analysis with adjustment for age, BMI, and ejaculation abstinence. Sperm motility and total motile sperm count were additionally adjusted for time from masturbation to test (Table 1 ). In the fertile men cohort, only haplogroup D2* was associated with increased sperm concentration (P ¼ 0.040, beta ¼ 0.073). However, haplogroups C (RPS4Y lineage: C1 þ C3), D2 (M55 lineage: D2* þ D2a1), O2 (P31 lineage: O2a þ O2b* þ O2b1), and O3 (M122 lineage: O3* þ O3a3* þ O3a3c þ O3a4) were not associated with any of the semen parameters ( Table 2) .
On the other hand, in the cohort from the general population, haplogroup C1 was associated with increased sperm concentration (P ¼ 0.045, beta ¼ 0.10); D2* was associated with decreased sperm concentration (P ¼ 0.035, beta ¼À0.062), total sperm count (P ¼ 0.031, beta ¼À0.072), sperm motility (P ¼ 0.040, beta ¼ À2.44), and total motile sperm count (P ¼ 0.0066, beta ¼ À0.099); D2a1 was associated with reduced sperm motility (P ¼ 0.046, beta ¼ À2.25); and O2b1 was associated with elevated sperm motility (P ¼ 0.0056, beta ¼ 2.79) ( Table 1) . Furthermore, in young men from the general Japanese population, haplogroup C (RPS4Y) was associated with increased sperm concentration (P ¼ 0.043, beta ¼ 0.071), and haplogroup D2 (M55) was associated with decreased sperm concentration (P ¼ 0.027, beta ¼ À0.050), total sperm count (P ¼ 0.022, beta ¼À0.059), sperm motility (P ¼ 0.0014, beta ¼À2.89), and total motile sperm count (P ¼ 0.00051, beta ¼ À0.097) ( Table 2 ). The combined analysis across the two cohorts revealed a statistically significant association between haplogroup D2a1 and reduced sperm motility (P ¼ 0.0083, beta ¼À2.58) and reduced total motile sperm count (P ¼ 0.032, beta ¼ À0.059); between O2b1 and elevated sperm motility (P ¼ 0.00089, beta ¼ 2.94) ( Table 1) ; between haplogroup C (RPS4Y lineage) and increased sperm concentration (P ¼ 0.022, beta ¼ 0.060) and increased total sperm count (P ¼ 0.039, beta ¼ 0.062); between D2 (M55 lineage) and reduced sperm motility (P ¼ 0.00056, beta ¼ À2.71); and between O2 (P31 lineage) and elevated sperm motility (P ¼ 0.026, beta ¼sperm motility (P ¼ 0.00041, beta ¼ À3.14), and total motile sperm count (P ¼ 0.00031, beta ¼À0.099); and other deletions were associated with reduced sperm motility (P ¼ 0.013, beta ¼ À21.30). Any additional deletion intensified the association with reduced sperm motility (P ¼ 2.8 3 10 À5 , beta ¼À3.66) and reduced total motile sperm count (P ¼ 0.00027, beta ¼À0.098) in young men from the general population. The combined analysis of the two cohorts showed that the gr/gr subdeletion was strongly associated with reduced sperm motility (P ¼ 7.7 3 10 À5 , beta ¼À3.05) and that any additional deletion intensified this association (P ¼ 5.5 3 10 À6 , beta ¼À3.43). However, there were no other associations of significance.
Furthermore, we assessed the associations between Yq deletions in haplogroups C (RPS4Y lineage), O2 (P31 lineage), and O3 (M122 lineage) and semen parameters. In haplogroup C (RPS4Y lineage), there were no associations in fertile Japanese men; in contrast, in young men from the general Japanese population, the gr/gr subdeletion was associated with decreased sperm concentration (P ¼ 0.0099, beta ¼ À0.14), total sperm count (P ¼ 0.040, beta ¼À0.12), sperm motility (P ¼ 0.0020, beta ¼ À6.70), and total motile sperm count (P ¼ 0.0054, beta ¼ À0.19). And, any deletion was associated with reduced sperm motility (P ¼ 0.0065, beta ¼ À10.9) and total motile sperm count (P ¼ 0.027, beta ¼ À0.28) (Supplemental Table S6 ). The combined analysis of two cohorts showed that the gr/gr subdeletion in haplogroup C (RPS4Y lineage) was associated with reduced sperm motility (P ¼ 0.0024, beta ¼ À5.59) and that any of the deletions were associated with reduced sperm motility (P ¼ 0.015, beta ¼ À7.92) (Supplemental Table S6 ). However, these associations were weaker than those in the general population cohort. There were no associations between Yq deletions in haplogroups O2 (P31 lineage) and O3 (M122 lineage) and semen parameters (Supplemental Tables S7 and S8) .
Next, we assessed the associations between gr/gr deletion in exclusion of haplogroup D2 (M55 lineage) and semen parameters because 100% of haplogroup D2 (M55 lineage) contained the gr/gr subdeletion. There were no associations in fertile Japanese men; in contrast, in young men from the general Japanese population, the gr/gr subdeletion was associated with reduced sperm motility (P ¼ 0.031, beta ¼ À5.38). The combined analysis of the two cohorts also showed that the gr/gr subdeletion was associated with reduced sperm motility (P ¼ 0.0097, beta ¼ À5.74) ( Table 4) .
DISCUSSION
In this study, we enrolled two Japanese cohorts, namely, fertile Japanese men and young men from the general Japanese population. Young men were recruited from university students. While it may be more appropriate to select the general young population from nonuniversity students, we are concerned that this might introduce selection bias. As previously described by Iwamoto et al. [7] , men experiencing infertility problems may be more likely to participate as volunteers than men with no infertility problems. Additionally, less-educated men may be more likely to refuse to participate in the study. Therefore, we enrolled our cohort of young men representing the general population from university students. Previously, Iwamoto et al. [7] reported that exposure to tobacco in utero, history of smoking or drinking, cryptorchidism, and history of testicular torsion, orchitis, sexually transmitted diseases, or fertility experience did not affect semen quality. Hence, we believe that selection of our cohort from university students was unlikely to introduce significant bias.
We found that semen parameters for men from the general population were significantly lower than those for fertile men. Because young men were recruited from a university, they may be under a lot of stress, which could potentially contribute to the lower semen quality observed in this cohort. However, several reports have demonstrated that higher educational level is positively associated with semen quality [37, 38] . From our work, we believe that the factor contributing most to semen quality is ejaculation abstinence. The duration of ejaculation abstinence in young men was significantly shorter than that in fertile men. Additionally, ejaculation abstinence was strongly correlated with semen quality in young men. The differences in sex life between middle-aged, fertile men and the younger generation may have led to the lower semen quality observed in young men; however, our study did not provide evidence to support this hypothesis. Moreover, our study did not elucidate whether semen quality may improve later in life in the younger generation, who have a higher risk of reproductive failure, or whether young men have increased chances of being fertile in 5-10 yr.
We found that the frequencies of each Y chromosome haplogroups except haplogroup O1a were not significantly different between fertile Japanese men and young men from the general Japanese population. The frequencies of each Yq deletion also were not significantly different between the two cohorts. Previously, we reported that the frequencies of haplogroups D2* and D2a1 were significantly higher in azoospermia patients than in the fertile control individuals in Japan [24] . Repping et al. [13] initially reported that the gr/gr subdeletion was a male infertility risk factor. However, two other studies have since indicated that there is no association between the frequency of gr/gr deletions and spermatogenic failure in Japanese populations [39, 40] . In addition, several studies have investigated whether the b2/b3 or b1/b3 subdeletions are associated with spermatogenic failure. However, they also have produced mixed results [16] [17] [18] [19] [20] [21] [22] . Therefore, the present results may be reasonable. The sperm concentration, total sperm count, and total motile sperm count analyses were processed using common logarithm transformed values.
d Motility and total motile sperm count were additionally adjusted for time from masturbation to test.
gr/gr SUBDELETION AND FERTILITY
We showed that 100% of haplogroup D2 (M55 lineage) contained the gr/gr subdeletion, whereas haplogroup D1 did not have it at all; similarly, 100% of haplogroup N1 contained the b2/b3 deletion. These results agree with those of earlier reports [15, 39, 41] . Therefore, these results indicate that the gr/ gr subdeletion may be the origin of the D2 lineage, as previously described by de Carvalho et al. [39] . However other haplogroups also contain gr/gr, b2/b3, and b1/b3 deletions; this observation suggests that gr/gr, b2/b3, and b1/b3 deletion events have occurred several times.
Although differences in the frequencies of Y chromosome haplogroups and Yq deletions between fertile Japanese men and young men from the general Japanese population were not detected, associations between Y chromosome haplogroups or Yq deletions and semen parameters were revealed. In fertile men, only haplogroup D2* was associated with higher sperm concentration, in contrast to the result seen in the cohort from the general population. In an earlier study, we showed that the frequencies of haplogroup D2* were significantly higher in azoospermia patients than in fertile control individuals [24] . Perhaps haplogroup D2* men with low sperm concentrations become sterile; consequently, only those haplogroup D2* men with high sperm concentration would have been selected as fertile men in our study. In contrast, in young men from the general population, haplogroups D2*, D2a1, D2 (M55 lineage), and those with the gr/gr subdeletion were associated with reduced sperm concentration, total sperm count, sperm motility, or total motile sperm count; in particular, these groups were strongly associated with sperm motility and total motile sperm count. Moreover, the associations between the gr/gr subdeletion and sperm motility or total motile sperm count were stronger than the associations between haplogroup D2 (M55 lineage) and their semen parameters. In addition, we showed that gr/gr subdeletion in haplogroup C (RPS4Y lineage) were associated with reduced semen parameters (except for semen volume), and gr/gr subdeletion in exclusion of haplogroup D2 (M55 lineage) was also associated with reduced sperm motility in the cohort from the general population. Therefore, we suggest that the gr/gr subdeletion rather than the Y chromosome haplogroup D2 (M55 lineage) affects semen quality. However, the combined analysis of fertile Japanese men and young men from the general Japanese population reduced the strength of this association, except in the case of sperm motility. It is assumed that in the general population, haplogroups D2*, D2a1, or in particular, those with the gr/gr subdeletion may have the potential to become sterile. However, longitudinal cohort studies are needed to confirm this hypothesis. The combined analysis of fertile Japanese men and young men from the general Japanese population demonstrated relationships between haplogroups D2a1, D2 (M55 lineage), and particularly the gr/gr subdeletion and reduced sperm motility. Visser et al. [42] reported that men with the gr/gr subdeletion had significantly lower sperm concentrations, total sperm counts, and total motile sperm counts than men without the deletion, but that semen volume, sperm motility, and sperm morphology were not significantly different from that from a subfertile cohort (male partners of subfertile couples). The results of their sperm motility tests were different from our results. This may be because the cohorts in the two studies are different, as we showed there was an association with this deletion and sperm motility in young men from the general population but not in fertile men. In contrast, haplogroup O2b1 was associated with elevated sperm motility. Consequently, our results suggest that there may be elevating genes in the Y chromosome haplogroup O2b1 lineage and reducing genes in the gr/gr region for sperm motility. The gr/gr subdeletion reduces the copy number of DAZ, basic protein Y2 (BPY2), chromo domain on Y (CDY1), Golgi autoantigen, golgin subfamily a2 like Y (GOLDGA2LY), and chondroitin sulfate proteoglycan 4 like Y (CSPG4LY) [43] [44] [45] . Noordam et al. [46] reported that gene copy number reduction in the AZFc region effect on total motile sperm count in subfertile cohort (male partners of subfertile couples). Therefore, these gene copy number may affect sperm motility; however, further studies are required to elucidate this. In summary, we found that the gr/gr subdeletion is associated with semen quality and, in particular, is strongly associated with reduced sperm motility and total motile sperm count in young men from the general Japanese population but not in fertile men. The combined analysis of fertile and young men showed that the gr/gr subdeletion is strongly associated with reduced sperm motility. We suggest that the gr/gr subdeletion affects sperm motility and consequently plays a role in male infertility.
